Acute ethanol inhibits extracellular signal-regulated kinase, protein kinase B, and adenosine 3':5'-cyclic monophosphate response element binding protein activity in an age- and brain region-specific manner.
As little as a single episode of exposure of the developing brain to ethanol can result in developmental neuropathology and mental retardation. Extracellular signal-regulated kinases (ERKs), protein kinase B (PKB), and adenosine 3':5'-cyclic monophosphate response element binding protein (CREB) are messenger molecules that play important roles in neuronal plasticity and survival. This study was undertaken to examine the effects of acute ethanol on ERK, PKB, and CREB activation in the brain. Immunoblot analysis was used to determine the effects of a 1-hr exposure of ethanol on levels of phospho-ERC in primary cortical cultures and in the cerebral cortex, hippocampus, and cerebellum of postnatal day 5 (PN5), postnatal day 21 (PN21), and adult rats. In cortical cultures, ethanol (100 mM) significantly reduced activity-dependent activation of phospho-ERK, phospho-PKB, and phospho-CREB by approximately 50%. In PN5 rats, ethanol (3.5 g/kg) inhibited both phospho-ERK and phospho-PKB in the cerebral cortex and hippocampus but was without effect in the cerebellum. A similar brain region-specific inhibition of phospho-ERK was observed in PN21 rats, whereas in adult rats, ethanol inhibited phospho-ERK in all three brain regions. In contrast, ethanol had no effect on phospho-PKB in either PN21 or adult rats. Without exception, ethanol inhibited phospho-CREB in an identical brain region- and age-dependent manner as was observed for phospho-ERK. Finally, administration of the NMDA antagonist MK-801 (0.5 mg/kg) to PN5 rats had no effect on phospho-ERK or phospho-PKB levels in any brain region. The results demonstrate that acute ethanol inhibits ERK/PKB/CREB signaling in brain. This inhibition occurs in an age- and brain region-specific manner, with inhibition of PKB restricted to a time during the brain growth-spurt period. Furthermore, the lack of effect of MK-801 suggests that inhibition of NMDA receptors is unlikely to play a major role in binge ethanol inhibition of ERK/PKB/CREB signaling in vivo.